subsequent risk of thromboembolism. (Allessie, Ausma, & Schotten, 2002) Regarding the pathogenesis of developing AF in patients with MS, many factors have been suggested such as age, duration of mitral valve disease, MVA, left atrial size or stress, and the presence of myocardial fibrosis that may lead to a disarray in depolarization vector of the atria. (Holmqvist et al., 2006; Horstkotte, 1992; Josephson, Kastor, & Morganroth, 1977; Kumar & Tandon, 2013) The prevalence of AF in MS patients rises with age as it is 17% among patients in 20s and 30s and increases to 45% during the third decade and reaches to 80% in patients older than 51 years. (Mann, Zipes, Libby, Bonow, & Braunwald, 2015; Vatansever Agca et al., 2008) .
AF is subclassified into coarse or fine type based on the presence of F wave amplitudes on surface electrocardiogram (ECG). The presence of the fibrillation F wave amplitude on ECG, indicates a coarse and its absence refers to fine AF (FAF). Besides their different ECG appearance, there are significant variations in the structural integrity and electrical remodeling of the atria depending on the remaining viable atrial myocytes. (Mochalina et al., 2015; Morganroth, Horowitz, Josephson, & Kastor, 1979; Moss, 1984) Atrial activity is more organized in coarse AF (CAF) and it is generally associated with hypertrophy of the atrium muscle mass, while there is significant muscle loss in FAF. (Aysha & Hassan, 1988; Skoulas & Horlick, 1964; Thurmann & Janney, 1962) On the other hand, fine F waves had been proposed to present disorganized atrial activity and structural damage and longer duration and recurrence. (Mochalina et al., 2015; Nault et al., 2009; Nobuyoshi et al., 2009 ).
Although, the risk of clot formation is probably higher with FAF due to more stagnant flow, thromboembolic events occur more frequently in patients with CAF probably due to some residual mechanical contraction in the left atrial appendage. (Morganroth et al., 1979; Pourafkari et al., 2015) Previous studies have not been consistent regarding association of F wave amplitude and the parameters derived from transesophageal echocardiography such as the chamber size of the left atrium (LA) and ventricle (LV) and the contractile function of the left atrial appendage (LAA) (Mutlu et al., 2003; Nakagawa et al., 2001; Yamamoto et al., 2005) . Although MS is considered as a strong risk factor for AF, the parameters associated with the presence of F waves have not been clearly examined and the results have been inconsistent at most.
The purpose of this study was to comparatively describe both clinical and echocardiographic profile of patients with fine and coarse subtypes of AF secondary to rheumatic MS. The primary outcome variable of this study was the mean trans-mitral pressure gradient. We hypothesized that mean trans-mitral gradient in patients with CAF was higher than that measured in those with the fine subtype of AF. We also hypothesized that duration of AF was longer in patients with FAF than those with CAF.
| ME THODS
This retrospective study was conducted between March 2013
and March 2017 on patients with confirmed diagnosis of severe rheumatic MS who were scheduled to undergo a percutaneous balloon mitral valvuloplasty (PBMV) in a university-affiliated heart center. Study Protocol was reviewed and approved by the institutional review board and ethics committee. Informed consent was waived due to the retrospective design of the study; however, all collected clinical data were treated carefully to maintain patient privacy.
Medical charts of patients admitted with the diagnosis of severe rheumatic MS admitted for PBMV in the aforementioned time period were screened for enrollment. Patients with a prior diagnosis of hyperthyroidism, LV ejection fraction below 45%, more than mild aortic stenosis or insufficiency, moderate to severe mitral regurgitation and those with a prior history of any heart surgery were not considered for enrollment. Two cardiologists examined ECG on admission for each patient. Additionally, patients with missing/poor quality admission ECG were excluded.
The study participants were classified as in sinus rhythm (SR) or AF based on their baseline ECG. AF was defined as an irregularly irregular heart rate without any detectable P waves along with fibrillation f waves on 12-lead ECG. Patients with AF were divided into two groups based on the amplitude of F waves in lead V1 on the 12-lead ECG. AF would be classified as coarse "CAF" if the greatest amplitude of F wave was ≥1 mm; and would be categorized as fine AF "FAF" if the F wave amplitude was <1 mm.
We investigated all demographic data and relevant medical history. The studied demographic data included age, gender, smoking habit, history of diabetes mellitus, hypertension, and previous thromboembolic events including cerebrovascular and coronary ar- All numeric variables were tested using Kolmogorov-Smirnov test for the presence of a normal distribution. Continuous variables with normal distribution were tested with independent t-test and those without a normal distribution were analyzed using a nonparametric Mann-Whitney U test. Normally distributed numerical variables were expressed as mean ± standard deviation (STD) and variables without a normal distribution were expressed as median (interquartile range 25th-75th percentiles. Categorical variables were reported as the observed and expected values and were analyzed with chi-square test. For univariate analysis of the categorical variables, the relevant odds ratios (OR) and 95% confidence intervals (CI) were reported. Age and mean trans-mitral pressure gradients were identified as the only independent variables to be evaluated for their effect on developing FAF with p values <.15, and therefore they were included in a multivariate linear regression model. Receiver operating characteristic curve was also plotted to examine the predictive value of age in the occurrence of FAF. Null hypotheses were rejected with an alpha error <0.05.
| RE SULTS
A total of 930 charts were reviewed from which 754 fulfilled the inclusion criteria. Figure 1 depicts [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] in the group of patients with sinus rhythm, patients in both groups with atrial fibrillation were significantly older (P < .001). Table 1 illustrates the characteristics of patients in subgroups of FAF and CAF. There was no significant difference in terms of gender, medication and atrial diameters between the two groups. Figures 2 and 3 show the association between various clinical and echocardiographic variables with the presence of FAF/CAF.
As depicted, none of the clinical characteristics, echocardiographic variables or medication were different between the two groups.
Although similar percentage of patients in both the FAF and CAF were diagnosed with hypertension, diabetes, cerebrovascular, and chronic kidney diseases, a trend for higher prevalence of coronary artery disease was found in patients with FAF.
Additionally, echocardiographic findings with regards to the left and right atrial dimensions, LAA flow velocity, right ventricular dimensions, LV ejection fraction, and Wilkins score did not differ between the two groups. However, trends for higher MVA and mitral valve mean pressure gradient were observed in patients with coarse morphology type of AF (Figure 3) . Figure 4 shows the receiver operating characteristic curve for age as a significant contributing factor to the development of FAF. Though significant, it was a poor predictor of FAF; thus, we could not find a cut-off value for age for prediction of presence of FAF versus CAF.
| D ISCUSS I ON
To date, few studies have assessed F wave morphologies among individuals with predominant rheumatic MS and large proportion TA B L E 1 Comorbid medical conditions and medication history of patients diagnosed with atrial fibrillation based on the presence of coarse f-waves in the electrocardiography F I G U R E 2 Forest plot depicting the odds ration and 95% confidence interval of preexisting medical comorbidities comparing patients with coarse over those with fine atrial fibrillation over 70 years) tend to present with FAF group. (Nault et al., 2009; Nobuyoshi et al., 2009 ).
However, in some studies, age is not shown to be significantly different between fine and coarse morphology groups (Morganroth et al., 1979; Selcuk et al., 2007) According to our investigation similar percentage of patients in both the fine and CAF groups have been diagnosed with hypertension, diabetes mellitus, and chronic kidney diseases as well as smoking habits; which has been confirmed by the previous studies.
( Morganroth et al., 1979; Nault et al., 2009) no difference in the LA size, LV ejection fraction, peak transmitral F I G U R E 3 Forest plot depicting the mean difference and 95% confidence interval of numerical echocardiographic measurements comparing patients with coarse to fine atrial fibrillation
The difference in age and the predictive role of age in determining the occurrence of fine F wave atrial fibrillation. The panel on the left depicts the boxplot of patient comparing the age in between the two groups and the Receiver Operator Characteristic plot is shown on the right where the positive part of the area under the curve is shaded gradient, and mean transmitral gradient between patients with fine and CAF (Mutlu et al., 2003) . This has been considered to produce the coarseness of AF (Li, Hwang, Tseng, Kuan, & Lien, 1995) . Several reports have described increases in F wave amplitude with hypertrophy or enlargement of the LA size (Moss, 1984; Mutlu et al., 2003; Nakagawa et al., 2001; Selzer, 1960) ; a finding which is argued by several other investigators including the findings in current investigation (Blackshear et al., 1996; Josephson et al., 1977; Li et al., 1995; Morganroth et al., 1979; Nakagawa et al., 2001; Nault et al., 2009 );
where we failed to establish any difference in LA size between patients from either AF group.
Although our results showed a high prevalence of cerebrovascular disease in patients with AF as compared to those with sinus rhythm, we found no difference in history of cerebrovascular disease between fine and coarse morphologies of AF. Some published studies have evaluated the impact of F wave amplitude on thromboembolic risk in patients with AF and reported conflicting conclusions. It has been indicated that large atria are more likely to form and embolize blood clots than small atria (Moss, 1984) . F wave amplitude and thromboembolic risk. (Blackshear et al., 1996) However, these findings were in contrast with the result by Yilmaz et al., in which presence of CAF was found to be independently associated with 58.5% increase in the history of CVE (p = .031). (Yilmaz et al., 2007) On the other hand, Nakagawa et al. showed increased thromboembolic risk in patients with FAF (Nakagawa et al., 2001) .
The majority of patients in these studies were elderly and had hypertension and other risk factors for thromboembolic events. Thus, high embolic outcomes in these studies cannot be clearly attributed to the F wave amplitude. Further prospective follow-up investigations may give more information in this regard.
Blackshear et al. in a study among 53 patients with nonrheumatic and seven patients with rheumatic AF, did not find an association between and LAA function in patients with nonrheumatic AF (Blackshear et al., 1996) . They also found F wave amplitude not to be correlated with LAA velocity, LA size, increased LV mass, systolic dysfunction, or hypertension. These findings have been totally similar to our investigations. Other studies have drawn different conclusions. Li et al. reported that F wave size was related to LAA function in Asian people with nonrheumatic AF (Li et al., 1995) . They found that in patients with coarse nonrheumatic AF, the LAA function was usually poor and the incidence rate of spontaneous echo contrast and LAA thrombus formation appeared to be higher in patients with CAF. However, Nakagawa et al. suggested that fine F wave was correlated with larger dysfunctional LAA and hypercoagulability (Nakagawa et al., 2001) . Likewise, in the study conducted by
Yamamoto et al. LAA flow velocity was reported to be significantly lower in patients with FAF (Yamamoto et al., 2005) . In addition, a moderate inverse correlation between LAA flow velocity and mean fibrillatory rate has been reported before (Yilmaz et al., 2007; Yusuf et al., 2015) .
This study was designed as cross-sectional study without a longitudinal follow-up; thus some limitations may exist. First, the variability in F wave size activity over time is not known. Second, the results might have potential bias due to single-center design; thus, the findings of our study might not be generalized. Reduced LV ejection fraction and valvular pathologies other than MS, that have a known association with the occurrence of AF, are not uncommon in patients with MS. As such we had to exclude a relatively large number of patients with MS who had concomitant cardiac pathologies. The strength of the current study has been its relatively large number of patients enrolled compared with previous studies. (Morganroth et al., 1979; Nault et al., 2009; Nobuyoshi et al., 2009; Selcuk et al., 2007) .
In conclusion, we show that aging is an independent factor correlated with developing fine F wave among the patients with rheumatic MS, which may be a sign for advanced atrial remodeling. Of note, LA dimension/function were not different in patients with fine versus coarse morphology of AF. The other clinical and echocardiographic parameters do not differ between two morphology groups of AF patients.
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